This research shows that people can unconsciously initiate and follow arithmetic rules (e.g., addition). Participants were asked to detect whether a symbol was a digit. This symbol was preceded by 2 digits and a subliminal instruction: add or a control instruction. Participants were faster at identifying a symbol as a number when the symbol was equal to the sum of the 2 digits and they received the instruction to add the digits, suggesting that people can unconsciously solve arithmetic problems. Experiments 2 and 3 replicate these findings and demonstrate that the underlying processes can operate when the to-beadded digits are not perceived consciously. Thus, the unconscious can do (at least simple) arithmetic, such as addition.
The Western philosophical tradition has taught that most important actions and decisions are governed by conscious deliberative thinking. However, this point of view has been challenged as studies have begun to show that activities that were long assumed to be the exclusive product of consciousness can also be run unconsciously (see Bargh, 2007; Dijksterhuis & Aarts, 2010) . Dijksterhuis and colleague (2004; Dijksterhuis & Nordgren, 2006) went one step further with their unconscious thought theory and showed that for complex decisions, unconscious thinking can sometimes be more efficient than conscious thinking. Yet due to the recentness of this exploration, not much is known about what the unconscious 1 can or cannot do and about the processes by which the unconscious does its job. For instance, it is often taken as a fact that the unconscious cannot think rationally (DeWall, Baumeister, & Masicampo, 2008) . Even the unconscious thought theory, which went far in explaining what the unconscious can perform, posits that the unconscious cannot do arithmetic or follow rules (Dijksterhuis & Nordgren, 2006) . In contrast to this view, our contention is that the unconscious can initiate and follow simple arithmetic rules.
We need to state explicitly what we mean by rules in this context. We define rules as production rules that are "if then" pairs (Anderson, 1993) . Applied to simple arithmetic, it can take the form of "if instruction and Input 1, Input 2 then do outcome" (where instruction precedes Inputs) or alternatively in the arithmetic language "if operator and Operand 1, Operand 2 then do outcome." With simple arithmetic such as addition, the production rule could take the form of, for instance, "if add and 2, 3, then do 5." We deliberately put the instruction (or operator) first and then inputs (operands) to capture the initiation of the production rule, instead of relying on a declarative knowledge. Doing so set our work apart from recent studies showing that participants exposed to masked equations such as "2 ϫ 3" were faster at pronouncing a target number when it was the result of the equation (i.e., "6") than when it was not (García-Orza, Damas-López, Matas, & Rodriguez, 2009) . In this research, participants were indeed presented multiplicative equations in the very sequence (a ϫ b ϭ c) that they have been taught for a long time (i.e., learning multiplication tables). Thus, mere reliance on declarative knowledge can lead to the completion of a well-known sentence (e.g., "2 ϫ 3 ϭ 6"; Roussel, Fayol, & Barrouillet, 2002) . Thus, although in line with our hypothesis, these results cannot be taken as evidence that the unconscious can follow arithmetic rules.
Although no work has shown that such rules can be followed unconsciously, we believe it can for two main reasons. First, a variety of goals can be activated unconsciously (e.g., "cooperate," Bargh, Gollwitzer, Lee-Chai, Barndollar, & Trötschel, 2001; "remember," Mitchell, Macrae, Schooler, Rowe, & Milne, 2002) . Second, operators such as "add" have precisely been conceptual-ized as goals in the context of a production rule (Roussel et al., 2002; Sohn & Carlson, 1998) . If it is, the social psychology literature suggests it could be activated unconsciously (see e.g., Fitzsimons & Bargh, 2004) .
A stringent test of our hypothesis requires showing that the unconscious can apply simple arithmetic rules even when (a) the arithmetic operation does not require mere reliance on declarative knowledge; (b) the instruction, Input 1, and Input 2 are not presented in the form of an equation; (c) the task is not explicitly related to arithmetic; and (d) doing arithmetic is of no use in the task (Tzelgov, 1997) . To meet these requirements, we developed an experimental design in which participants were given (or not) the instruction to add objects. Addition was chosen because it is less prone to declarative knowledge than is multiplication (see e.g., Roussel et al., 2002) and thus provides a more conservative test of our hypothesis. Participants received the instruction to add before the presentation of the inputs (i.e., not in the form of an equation). It is worth noting that such a situation is closer to everyday life computations, in which the goal to add is usually activated before knowing what has to be added. To make arithmetic irrelevant, the task was presented as a categorization task (i.e., a task to decide whether a symbol was either a digit or a letter) in which doing arithmetic was of no use to predict the category of the forthcoming symbol. In Experiment 1, the instruction was presented subliminally while inputs were presented supraliminaly. In Experiments 2 and 3, both the instruction and inputs were presented subliminally.
Experiment 1 Method
Participants. Sixteen psychology students (13 women) participated in exchange for partial course credit.
Procedure. Participants were seated 1 m from a 17-in. 85-Hz computer screen. They were instructed that their task was to decide as accurately and fast as possible whether a target symbol appearing at the center of the screen was a number by pressing one of two keys (A or P on an AZERTY keyboard). The target was always preceded by a prime and two digits. The sequence began with a fixation point (800 -1,200 ms) followed by a mask (MWMWM-WMWMWM) for 80 ms, the prime (additionner or relativiser; i.e., add or relativize in French) for 23 ms and another mask for 80 ms (see Figure 1 , Panel A). Then, two digits were shown, one on each side of the fixation point (i.e., flankers), and remained there until the completion of the trial. After 1,200 ms, a target appeared in the center of the screen. The target was a number (i.e., 3, 4, 5, 6) for half of the trials and a letter (i.e., A, B, C, D) for the other half. When the target was a number, it was equal to the sum of the two digits in half of the trials, whereas it was not in the other half. Within each trial category, the flankers were preceded by one of the two primes in the same proportion (50%). After 10 practice trials, participants completed 112 experimental trials. It is critical to notice that in this situation (a) making additions was totally irrelevant because it was of no help to anticipate whether the target would be a number and (b) the configuration of the flankers was not predictive of the occurrence of a number (vs. a letter) because each flanker pair was equally associated with a number and with a letter. Yet if participants were summing the two digits, they should have the resulting number in mind as well as its properties (e.g., this is a number) when the target appeared. Thus, they should be faster to respond when the target is this very number compared with a different number. After they had completed the experiment, participants were carefully debriefed. Particular care was taken to assess whether participants reported having perceived any prime.
Results and Discussion
None of the participants reported having even thought that a word had been presented at any time. However, a forced discrimination test was conducted on 18 other participants, who were presented the same material used in the main experiment (i.e., 112 trials) with the instruction to guess which of the two words (add or relativize) was presented in each trial (prime presentation was set up at 30 ms; see Experiments 2 and 3). Mean accuracy performance (51%) did not differ from chance level (50%; t Ͻ 1), suggesting that participants were unable to identify the word add at such a brief presentation.
Analyses on accuracy revealed no significant effect (Fs Ͻ 2.5, ps Ͼ .14). Response latencies on correct responses (errors ϭ 4%; response latencies Ͻ300 ms or Ͼ1,000 ms [1.5%] were excluded) were inverse-transformed (Ratcliff, 1993 ) and submitted to a 2 (prime: add vs. relativize) ϫ 2 (target: sum vs. not sum) repeatedmeasures analysis of variance (ANOVA). The predicted Prime ϫ Target interaction reached significance, F(1, 15) ϭ 6.18, p Ͻ .03, p 2 ϭ .29. Participants primed with add were faster at identifying a digit when the target was the sum of the flankers than when it was not, t(15) ϭ 2.60, p Ͻ .021, p 2 ϭ .31 (see Figure 1 , Panel C). No such difference appeared when participants were primed with relativize, t(15) ϭ 1.25, p Ͻ .23. We also found that when the target was the sum, participants were faster when primed with add than when they were primed with relativize, t(15) ϭ 3.02, p Ͻ .009, p 2 ϭ .38. Consistent with our expectations, in trials where add was primed, participants were significantly faster at identifying the target as a number when it was equal to the sum of the two digits than when it was not. This effect was not found in trials where relativize was primed, suggesting that summing the digits was not the default option.
Experiment 2
Experiment 1 reveals that simple arithmetic rules can be initiated unconsciously. In Experiment 2, we went one step further and tested whether such a rule can be not only initiated but also followed unconsciously. Because the to-be-added digits were presented supraliminally in Experiment 1, participants could have been partially aware that they were sometimes doing arithmetic, even if they did not know why. If the unconscious can initiate and follow simple rules, then people should be able to add digits without being aware they are doing so. To test this, we relied on the same procedure but this time with the to-be-added digits being presented subliminally, because previous research has shown that numerical stimuli can be primed without conscious awareness (see e.g., Bahrami et al., 2010) . Replicating Experiment 1 results under these conditions would provide strong evidence that the unconscious can initiate and follow arithmetic rules. Moreover, we changed the control prime to avoid any interpretation relying on specific features of the verb used as control in Experiment 1.
Method
Participants. Fifteen psychology students (14 women) participated in exchange for partial course credit.
Procedure. The procedure was similar to that in Experiment 1, except that participants were now primed with add versus represent (in French, représenter) and that both the primes and the flankers were presented for 30 ms (see Figure 1, Panel B) . The flankers were positioned to be perceived at the same time (angular distance of 4.5°). These flankers were preceded (100 ms) and followed by a mask (##) that remained there until the completion of the trial. The target appeared 1,200 ms after the flankers. The trials were terminated by the participants' response or automatically after 2,000 ms.
Results and Discussion
None of the participants reported having seen words or digits. However, we conducted a forced discrimination test on the digits (for prime words, see Experiment 1). Sixteen other participants were presented the same procedure but with the instruction to guess which pair of digits (composed of two digits from 1 to 5) was presented on each of 112 trials. Mean accuracy (M ϭ 7.47%) was slightly above chance level (4%), t(15) ϭ 3.00, p Ͻ .01. Detection above chance level appeared on only three pairs, which were thus excluded from subsequent analyses (for all other pairs, ts Ͻ 1.40, ps Ͼ .18).
Analyses on accuracy revealed no significant effect (all Fs Ͻ 2.04, ps Ͼ .17). Response latencies on correct responses were inverse-transformed (errors ϭ 2.54%; reaction times Ͻ300 ms or Ͼ1,000 ms [1.78%] were excluded) and submitted to a 2 (prime: add vs. represent) ϫ 2 (target: sum vs. not sum) repeated-measures ANOVA. The predicted Prime ϫ Target interaction reached sig- nificance, F(1, 14) ϭ 5.30, p Ͻ .04, p 2 ϭ .27 (see Figure 1 , Panel D). When primed with add, participants were faster when the target was the sum than when it was not, t(14) ϭ 2.78, p Ͻ .015, p 2 ϭ .36. No such difference appeared when participants were primed with represent, t(14) Ͻ 1. When the target was equal to the sum of the flankers, participants were faster when primed with add than when they were primed with represent, t(14) ϭ 2.35, p Ͻ .034, p 2 ϭ .28. The results of this second experiment nicely replicate those observed in Experiment 1. This time, they were obtained with another control prime (represent) and with participants not being conscious of the digits they actually summed. These findings strengthen the contention that arithmetic rules can be initiated and followed unconsciously.
Experiment 3
This study was conducted to replicate Experiment 2 with a more conservative control of the unconscious perception of the to-beadded digits. To do so, we presented the to-be-added digits for a shorter duration (20 ms instead of the 30 ms in Experiment 2), and awareness was checked with the use of a discrimination task completed by the participants who took part in the study. This procedure allows for evaluating whether the effects observed in Experiments 1 and 2 can be replicated while controlling for the idiosyncratic level of conscious perception for the to-be-added digits (see e.g., Greenwald, Klinger, & Schuh, 1995) .
Method
Participants. Thirty-two psychology students (all women) participated in exchange for partial course credit.
Procedure. The procedure was identical to Experiment 2, except for the following points. First, the flankers were presented for 20 ms instead of 30 ms (we used a 100-Hz computer screen). Second, immediately after the main task, participants completed the awareness forced-choice test (see Experiment 2) with the presentation of the flankers set at 20 ms.
Results and Discussion
None of the participants reported having seen words or digits during the main task. Results on the forced-choice task revealed that participants were unable to detect the digits presented in the trials (M ϭ 4.45%) above chance level (4%), t(31) ϭ 1.29, p Ͼ .20. Analyses on accuracy revealed no significant effect (all Fs Ͻ 2.06, ps Ͼ .16).
Inverse-transformed latencies on correct answers (errors ϭ 2.21%; reaction times Ͻ300 ms or Ͼ1,000 ms [1.83%] were excluded) were treated with a regression strategy 2 (Greenwald et al., 1995) . This strategy consists in testing each within-subject effect as the intercept of a regression having level of conscious perception (centered on the 0.04 value; i.e., random detection) as a predictor. By doing so, each effect is tested for a zero level of conscious perception (i.e., random detection). The Target ϫ Prime interaction reached significance, F(1, 30) ϭ 4.85, p Ͻ .04, p 2 ϭ .14 (see Figure 2) , and this interaction was not dependent on conscious perception (CP; F Ͻ 1). When primed with add, participants were faster when the target was equal to the sum of the flankers than when it was not, t(30) ϭ 4.05, p Ͻ .001, p 2 ϭ .36 (CP: t Ͻ 1). This effect did not reach significance when participants were primed with represent, t(30) ϭ 1.82, ns (CP: t Ͻ 1). Finally, when the target was equal to the sum of the flankers, participants were faster when primed with add than with represent, t(30) ϭ 2.85, p Ͻ .01, p 2 ϭ .21 (CP: t Ͻ 1). These results replicate the findings of Experiments 1 and 2 and further show that these effects stand when controlling for participants' conscious perception of the digits they are currently adding.
General Discussion
Results of this research indicate that the unconscious can initiate and follow simple arithmetic rules. These effects were observed when the instructions were activated out of conscious awareness (Experiment 1) but also when it was the case for the instruction and the inputs to be added (Experiments 2 and 3). In line with a growing literature (Bargh, 2007) , our results attest that the unconscious can do a lot more than we have thought for a long time (Dijksterhuis & Nordgren, 2006) . Actually, the unconscious can do addition.
This research was intended to test whether the unconscious can follow simple arithmetic rules and therefore provides little insight on what could occur with more complex rules. It is worth noting, however, that one-digit addition is not so simple, because it requires the operation of executive functioning (see e.g., Deschuyteneer & Vandierendonck, 2005; Lemaire, Abdi, & Fayol, 1996) and relies more on procedural knowledge than other operations (e.g., one-digit multiplication; Roussel et al., 2002) . Thus, we think our results are likely to apply to other simple arithmetic rules. We do not claim, however, that the unconscious can solve complex arithmetic problems such as 13 ϫ 14 (Dijksterhuis & Nordgren, 2006) . Such problems indeed require the use of several steps and thus to articulate several rules (Ashcraft, 1992) , a process that the unconscious may be unable to do. It is left to future research to explore which rules the unconscious can use and articulate. Such studies could have great implications for research addressing both unconscious processes and arithmetical reasoning.
These results also have implications for research on goal activation because they suggest that high-level mental processes implied in logical reasoning are not necessarily consciously launched and controlled. These experiments reveal that the goal of engaging in mental activity can be activated (primed) out of conscious awareness and pursued even when such activity is irrelevant to the task at hand. These results strongly support the possibility of an unconscious initiation of actions (Bargh, 1997) . It is indeed diffi-cult to argue that this experimental situation requires a particular action whose use would have been strengthened by goal priming, as has often been the case in previous studies (Chartrand & Bargh, 1996; Holland, Hendriks, & Aarts, 2005) . Such an interpretation is especially unlikely for Experiment 3 because we controlled for each participant's ability to perceive that there were digits to sum. Thus, these findings are consistent with previous theorizing on goal activation (Bargh, 1997; Dijksterhuis & Aarts, 2010) . They extend this work by showing that goal pursuit can be initiated without contextual relevance; that it can imply high-level, rulebased, mental processes; and that it can lead people to use objects that they do not perceive consciously. In other words, high-level mental processes can operate totally unconsciously from activation to execution and finally completion.
